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CONVERSION FACTORS

Multiply By To obtain
acre 4,047 square meter
acre-foot 1.233 cubic meter
foot (ft) 0.3048 meter
foot squared per day (ftz/d) 0.0929 meter squared per day (m2/ d)
cubic feet per day (ft3/d) 0.02832 cubic meters per day

gallon per minute (gal/min) 0.06309 liter per second

inch (in.) 254 millimeter

mile (mi) 1.609 kilometer

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as
follows:

°F=(1.8x°C)+32

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as
follows:

°C=(°F-32)/1.8
Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929

(NGVD of 1929)—a geodetic datum derived from a general adjustment of the first-order
level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.
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Geohydrology and Water Quality of the North Platte
River Alluvial Aquifer, Garden County, Western

Nebraska, 1993-94

By G.V. Steele’, J.C. Cannia?, and J.S. Stanton’

ABSTRACT

In 1993, the U.S. Geological Survey and the
North Platte Natural Resources District began a 3-year
study to describe the geohydrology and water quality
of the North Platte River alluvial aquifer near Oshkosh,
Garden County, Nebraska. The objectives of the study
were to describe the geohydrology of the alluvial aqui-
fer near Oshkosh, to establish a well network for long-
term monitoring of concentrations of agricultural
chemicals including nitrate and herbicides, and to
describe the water quality of the aquifer emphasizing
agricultural chemicals.

Fourteen monitor wells were installed at 11 sites
near Oshkosh. The geohydrologic properties of the
aquifer were estimated from water-level measurements
plus short-term constant-discharge aquifer tests near
two monitor wells. Water samples were collected
approximately bimonthly and analyzed for specific
conductance, pH, water temperature, dissolved oxy-
gen, and nutrients including dissolved nitrate. Samples
were collected semiannually for analysis of major ions,
and annually for triazine and acetamide herbicides.

Aquifer tests indicated hydraulic conductivities
ranging from 169 to 183 feet per day and transmissivi-
ties ranging from 12,700 to 26,600 feet-squared per
day. The average specific yield was 0.20. Ground-
water flow velocities were estimated to be about 1 foot
per day.

Ground water in the study area varied between a
calcium and sodium bicarbonate type. Calcium was the
predominant cation in wells in Lost Creek Valley and
generally just downgradient from it, whereas sodium
was the predominant cation in a few scattered wells.

lus. Geological Survey, Lincoln, Nebraska.
“North Platte Natural Resources District, Gering, Nebraska.

Nitrate concentrations in water samples from the
monitor wells ranged from 1.5 to 56 milligrams per
liter as N, with median concentrations, by well, ranging
from 1.7 to 50 milligrams per liter as N. Nitrate con-en-
trations exceeded the U.S. Environmental Protection
Agency’s Maximum Contaminant Level of 10 milli-
grams per liter for drinking water in at least one sample
from 7 of the 14 monitor-well sites. In addition, groind
water from Lost Creek Valley, north of the study area,
may be diluting concentrations of nitrate near Oshkosh.

Nitrate concentrations in water samples fror
wells near the upgradient and downgradient ends of the
study area generally did not exceed the Maximum Con-
taminant Level of 10 milligrams per liter. Results of
rank-sum tests indicate that there is a significant differ-
ence between nitrate concentrations in the North Platte
River and water samples collected from the farthest
upgradient well. This indicates that nitrates in the
ground water probably were not derived from the
North Platte River. Nitrate concentrations increased in
water samples collected from most sampling intervals
of the three multilevel sampling wells from May 1989
to February and August 1994.

Analyses for eight triazine and acetamide herbi-
cides and two atrazine metabolites showed that atrazine
was detected in 10 of 34 ground-water samples (29 per-
cent). The atrazine metabolite deethylatrazine was
detected in 18 of 34 ground-water samples (53 per-
cent).

INTRODUCTION

Nitrate concentrations exceeding the U.S. Envi-
ronmental Protection Agency (USEPA) (1996) Maxi-
mum Contaminant Level (MCL) of 10 mg/L
(milligrams per liter) as N for drinking water, in the
alluvial aquifer near Oshkosh, Garden County,

ABSTRACT 1



Nebraska, are a major concern for both the citizens of
the area and the North Platte Natural Resources District
(NPNRD). Nitrate concentrations exceeding the MCL
were first identified near Oshkosh in samples collected
by the NPNRD in 1988. A nitrogen isotope study com-
pleted in 1989 by the Conservation and Survey Divi-
sion of the University of Nebraska-Lincoln (Mary
Exner-Spalding, University of Nebraska-Lincoln, writ-
ten commun., 1991) determined the source of the
nitrate concentrations greater than the MCL to be com-
mercial fertilizer applied to irrigated fields. The allu-
vial aquifer is used as a source of water for the
municipal supply of Oshkosh, as well as for rural sup-
plies. Nitrate in water poses a potential health threat;
however, the extent of the nitrate, as well as basic geo-
hydrologic characteristics of the aquifer near Oshkosh,
were poorly defined. In 1993, the U.S. Geological Sur-
vey (USGS) and the NPNRD began a 3-year coopera-
tive study to determine the geohydrology of the alluvial
aquifer near Oshkosh; to establish a network of wells
for long-term monitoring of agricultural chemicals in
the aquifer; and to describe water quality of the aquifer,
emphasizing agricultural chemicals (nitrate and herbi-
cides). Results will provide an improved understanding
of geohydrology and water quality in alluvial aquifer
settings.

Purpose and Scope

The purpose of this report is to document the
geohydrology and water quality of the alluvial aquifer
near Oshkosh, Garden County, Nebraska. The geohy-
drology aspect focuses on hydraulic properties and
ground-water flow. The water-quality aspect focuses
mainly on major ions, nitrate, and triazine and aceta-
mide herbicides. Most of the geologic nomenclature
used in this report is that used by the USGS; however,
some terms, such as Ogallala Group, are based on
nomenclature used by the University of Nebraska-Lin-
coln.

Site Identification

Three different methods of site identification are
used to identify ground-water stations in this report.
The first method, USGS site identification, is a 15-char-
acter number derived from the international system of
latitude and longitude. This number contains no blanks
or alphabetic characters and generally is used as an
internal control number. Although the station identifi-
cation number is initially derived from the site location,
the number is an IDENTIFIER and not a LOCATOR.

The station identification number is a pure number and
has no locational significance (Mathey, S.B., ed.. 1990,
p. 2-10).

The second method, field identification, is based
on the aquifer in which the well is developed, or for
existing monitor wells installed by the University of
Nebraska-Lincoln, a modified version of the previous
field identification. In the field identifications for all
new monitor wells, the first two letters denote the aqui-
fer in which they were developed—NP fc+ North Platte
River Valley and LC for Lost Creek Vall=y. The next
two letters, GC, were used to designate Garden County.
Numerical designations generally were assigned from
northwest (01) to southeast (11). If the site contained
two wells, a succeeding letter was used, S for shallow
and D for deep.

Multilevel monitor wells installed by the Univer-
sity of Nebraska-Lincoln in 1989 kept mrodified ver-
sions of the field identifications originallv assigned by
Mary Exner-Spalding (University of Nebraska-Lin-
coln, written commun., 1991)—1 OSH, 2 OSH, and
3 OSH. For this study, two additional letters, ML, were
added to indicate a multilevel well, and Exner-Spald-
ing’s numerical designation was placed after the five
letter designation. Thus, Exner-Spalding’s 1 OSH
became OSHML1. In addition, a succeeding number
(1 through 8) was added to denote the srallowest
(1) through deepest (8) monitor wells.

The third method, well location, was assigned on
the basis of land subdivisions in the U.S. Bureau of
Land Management’s survey of Nebraska. The numeral
preceding N (north) indicates the townslip, the
numeral preceding W (west) indicates th= range, and
the numeral preceding the terminal letters indicates the
section in which the well is located (fig. 1). The termi-
nal letters, designated A, B, C, and D, denote the quar-
ter section, the quarter-quarter section, the quarter-
quarter-quarter section, and the quarter-quarter-quar-
ter-quarter section. The designation is given in a
counter-clockwise fashion beginning with “A” in the
northeast corner of each subdivision. If two or more
wells exist in the same subdivision, they are distin-
guished by adding a sequential number to the well
number. Sequential numbers are assigne by the order
in which the wells are inventoried.

2 Geohydrology and Water Quality of the North Platte Alluvial Aquifer, Garden County, Western Nebraska, 1993-94



























METHODS

Installation of Monitor Wells

Locations for ground-water-quality monitor
wells were selected on the basis of the NPNRD’s
water-table map, monitor wells previously installed by
the University of Nebraska-Lincoln, historical and spa-
tial distribution of nitrate concentrations, land use, and
irrigation-well density. Specific criteria for location of
monitor wells included proximity to agricultural lands,
depth to water table, and the spatial distribution of ele-
vated nitrate concentrations detected in water samples
previously collected by the NPNRD. In addition, four
sites were specifically located to monitor ground water
entering and leaving the study area. After site selection,
permission to install wells was obtained from the land
owners.

In April 1993, 14 monitor wells were installed at
11 sites. The 11 new sites, along with 3 of the Univer-
sity of Nebraska-Lincoln’s previously installed, multi-
level monitor wells, compose the long-term monitor
network (fig. 5; tables 3 and 4). The 11 new sites have
either a single well screened throughout the saturated
thickness of the alluvial aquifer, or two nested wells
screened in the upper and lower halves of the alluvial
aquifer. Each well was constructed of 2.5-in., schedule-
40 polyvinyl chloride (PVC) pipe. The well screens
also were made of PVC with number 10 slot. In addi-
tion to the four sites located to monitor concentrations
of nitrate in ground water flowing into or out of the
study area, two sites were located near supply wells
and were used for water-quality monitoring as well as
water-level monitoring during the aquifer tests.

Monitor wells NPGCO1 and NPGC11 were
located the farthest upstream and downstream in the
portion of the study area lying in the North Platte River
Valley. These two wells were used to determine nitrate
concentrations in ground water flowing into and out of
the study area. Monitor wells LCGC05 and LCGCO06
are north of Oshkosh and were used to determine if the
ground-water inflow from the moderately irrigated
Lost Creek Valley contained elevated nitrate concen-
trations.

All new monitor wells were drilled using direct
rotary methods and completed to the top of the bedrock
surface with the exception of the shallow nested wells
and the three deepest wells: NPGC02, NPGCO03, and
NPGC11. Monitor wells NPGC02, NPGC03, and
NPGCI11 were all completed within the alluvial sands

and gravels, but only to depths of 163 ft, 145 ft, and
130 ft, respectively.

Hydrologic Data Collection and Analysi=

A water-table map, historical data, and two aqui-
fer tests were used to determine the hydrologic proper-
ties of the alluvial aquifer. Historical data included
lithologic logs from test wells, well registrations from
registered irrigation wells, and previous reports and
maps. In 1994, two constant-discharge aquifer tests
also were conducted to better determine the proper-ies
of the alluvial aquifer. Lithologic logs from the Univer-
sity of Nebraska test-hole data and registrations of irri-
gation and municipal wells were used to obtain depth
to bedrock and lithologic features of the alluvial acui-
fer.

Review of a transmissivity map (Missouri Basin
States Association, 1982) of the alluvial aquifer in the
lower North Platte River provided an estimate of th=
range of transmissivity in the alluvial aquifer. This map
(scale 1:250,000), developed by the U.S. Army Corp of
Engineers with assistance from the University of
Nebraska-Lincoln (Vern Souders, University of
Nebraska-Lincoln, written commun., 1997), was based
on the computation of specific capacity of irrigation
wells in the North Platte River Valley. Although limited
in detail, the transmissivity map provided useful infor-
mation to substantiate other estimates of the hydraulic
properties of the alluvial aquifer.

In April 1994, two 24-hour constant-discharze
aquifer tests were performed to define the hydraulic
conductivity, transmissivity, and specific yield of te
alluvial aquifer better. Each constant-discharge aquifer
test was set up and analyzed using standard methols
described by Dawson and Istok (1991), Domenico and
Schwartz (1990), Driscoll (1986), Freeze and Cherry
(1979), Kruseman and de Ridder (1990), Lohman
(1972), Moench (1993, 1994), and Neuman (1975).
Prior to the tests, in October 1993 and March 1994,
electronic water-level monitoring instrumentation was
installed at the two sites used to monitor the water lev-
els, NPGC03 and NPGCO8, respectively. This equip-
ment recorded hourly water-level measurements to
document water-level trends prior to and following the
aquifer tests. In addition, before the start of each test,
an additional set of water-level monitoring equipm=nt
was installed in the same monitor wells to define the
drawdown cone (at logarithmic intervals of 15 seconds
to 1 hour) during the actual test.

METHODS LA



Table 3. Site identification, field identification, well location, depth, screened interval, and mean water level for single and
nested monitor wells, Garden County, western Nebraska

[Diameter of all wells is 2.5 inches; USGS, U.S. Geological Survey]

Mear 1993-94
Depth below Screened water level (feet

USGS site Field land surface interval belnw land
identification identification Well location (feet) (feet) surface)
412648102274001 NPGCO1 17N 45W13BCCD1 34 14-34 31.16
412553102250701 NPGC02 17N 44W20BDCC1 163 13.163 15.35
412500102240301 NPGCO03 17N 44W28CBAAL1 145 5-145 6.83
412435102223301 NPGC04D 17N 44W27DCCC1 48 28 -48 4.17
412435102223302 NPGC04S 17N 44W27DCCC2 28 8§-28 4.14
412605102211001 LCGCO05 17N 44W23ACAA1 70 10-70 14.93
412526102212301 LCGC06 17N 44W26ABBB1 38 18-38 5.75
412434102214201 NPGC0O7D 17N 44W35BBAA1 48 28 - 48 10.29
412434102214202 NPGC07S 17N 44W35BBAA2 28 §-28 10.31
412424102201801 NPGCO08 17N 44W36BADDI1 87 7-387 12.58
412416102182301 NPGC09D 17N 43W31BDADI1 115 55-115 19.32
412416102182302 NPGC09S 17N 43W31BDAD2 65 15-65 19.15
412345102182301 NPGC10 17N 43W32CCCALl 58 18-58 17.25
412137102130101 NPGCl11 16N 43W14ACCBI1 130 10-130 8.24

ncludes two sections of solid casing, 103 to 123 feet and 133 to 153 feet below land surface.
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Table 4. Site identification, field identification, well location, and depth for multilevel monitor wells, Garden
County, western Nebraska

[Well diameter was 0.125 inch; screened interval is discrete; USGS, U.S. Geological Survey]

Depth
USGS site Field below land
identification identification Well location surface (feet)1
412500102241801 OSHML1-1 17N 44W29DAAAIL 10
412500102241802 OSHMLI1-2 17N 44W29DAAA2 15
412500102241803 OSHMLI-3 17N 44W29DAAA3 20
412500102241804 OSHML1-4 17N 44W29DAAA4 25
412500102241805 OSHMLI-5 17N 44W29DAAAS 30
412500102241806 OSHMLI1-6 17N 44W29DAAA6 40
412500102241807 OSHML1-7 17N 44W29DAAA7T 50
412500102241808 OSHMLI1-8 17N 44W29DAAAS 60
412526102252701 OSHML2-1 17N 44W19DDDD1 10
412526102252702 OSHML2-2 17N 44W19DDDD2 15
412526102252703 OSHML2-3 17N 44W19DDDD3 20
412526102252704 OSHML2-4 17N 44W19DDDD4 25
412526102252705 OSHML2-5 17N 44W19DDDD5 30
412526102252706 OSHML2-6 17N 44W19DDDD6 40
412526102252707 OSHML2-7 17N 44W19DDDD7 50
412526102252708 OSHML.2-8 17N 44W19DDDD8 60
412549102255401 OSHML3-1 17N 44W19DBBA1 10
412549102255402 OSHML3-2 17N 44W19DBBA2 15
412549102255403 OSHML3-3 17N 44W19DBBA3 20
412549102255404 OSHML3-4 17N 44W19DBBA4 25
412549102255405 OSHML3-5 17N 44W19DBBAS 30
412549102255406 OSHML3-6 17N 44W19DBBA6 40
412549102255407 OSHML3-7 17N 44W19DBBA7 50
412549102255408 OSHML3-8 17N 44W19DBBAS 60

IFrom Conservation and Survey Division, University of Nebraska-Lincoln.
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Furthermore, hand measurements using electronic
measuring tapes were taken to supplement and back up
the data recorded by the water-level monitoring instru-
mentation.

Hydrographs of the data collected prior to and
during the two aquifer tests indicate that natural varia-
tions in water levels in monitor wells NPGCO03 and
NPGCO08 were minimal during each test, approxi-
mately 0.01 ft/d (ft per day) (fig. 6); therefore, no cor-
rection was used to adjust the aquifer-test drawdown
curve.

The two constant-discharge aquifer tests
involved a 24-hour pumping period for each pumped
well followed by a 24-hour recovery period. These
aquifer-test data were used to define the hydraulic
properties of the alluvial aquifer at the well sites, and
estimate the hydraulic properties of the alluvial aquifer
in the study area.

The first constant-discharge aquifer test was per-
formed during April 4-6, 1994 at the irrigation well
adjacent to and 23 ft southwest of monitor well
NPGCO03. Monitor well NPGCO3 is fully screened
through the alluvial aquifer, 5 to 145 ft below land sur-
face. The irrigation well, installed in June 1975, is
143 ft deep, has a 16-in. diameter casing, and is
screened from 52 to 143 ft below land surface. Dis-
charge from the irrigation well during the aquifer test
was about 318,600 ft>/d (cubic ft per day).

The second aquifer test was performed during
April 6-8, 1994 at the Oshkosh municipal well adjacent
to and 24 ft north of monitor well NPGCO08. Monitor
well NPGCO8 was used to monitor water-level changes
caused by pumping of the municipal well. NPGCO0S,
like NPGCO03, also is fully screened through the aqui-
fer, 7 to 87 ft below land surface. The Oshkosh munic-
ipal well, installed in December 1974, is 91 ft deep, has
an 18-in. diameter casing, and is screened from 39 to
91 ft below land surface. Discharge from the municipal
well during the aquifer test was about 193,300 ft3/d.

Following the data collection, each test was ana-
lyzed by determining a matching point on a log-log plot
of drawdown as a function of time to a type-curve as
described by Boulton (1963). This match point was
used in Stallman’s (1965) method of analysis for an
unconfined, compressible aquifer as described by
Lohman (1972) and Neuman (1975). Because the
transmissivity and hydraulic conductivity values for
the discharge and recovery tests are nearly equal, the
transmissivity and hydraulic conductivity values
described in this report will be for the discharge test.

However, the average value of the specific yield is used
in this report because of the wider variance in specific
yield values determined from the discharge and recov-
ery tests.

Major assumptions required for the aquifer-test
analysis include a fully penetrating production well, a
homogeneous, anisotropic aquifer of infinite areal
extent, and radial flow to the well screen. Other
assumptions include continuous and cons*ant discharge
from the pumped wells, constant ground-water density
and viscosity, an unconfined aquifer that shows a
delayed water table response, negligible head losses
through the well screen, and ground-water flow as
described by Darcy’s Law (Dawson and Istok, 1991).

Water-Quality Sample Collection and
Analysis

For this study, procedures modified from Kolpin
and Burkart (1991) were used for water-nuality sam-
pling and quality assurance. The following describes
water-quality sampling techniques and analytical
methods.

Water samples for nitrate analysis vere collected
approximately bimonthly from 23 of the 38 single,
nested, and multilevel monitor wells and quarterly
from the remaining 15 multilevel monito~ wells. Water
samples to be analyzed for major ions were collected
semiannually and samples to be analyzed for triazine
and acetamide herbicides were collected annually.
Water levels in all single and nested monitor-well sites
were measured prior to lowering a submersible stain-
less-steel pump into the well. At all sing'e and nested
monitor wells, the submersible pump was lowered to
about 10 ft below the water surface. The discharge hose
from the submersible pump then was connected to a
flow-through chamber holding the water-quality field
measurement probes (specific conductan-e, pH, tem-
perature, and dissolved oxygen). Pumpirg continued
until all field measurements stabilized to tolerances
described by Kolpin and Burkart (1991) or until three
well-casing volumes of water were extra~ted from the
well. Stabilization of the field measurem-=nts occurred
following approximately 15 to 20 minutes (min) of
pumping, sufficient time to flush the equivalent of at
least three well-casing volumes from the wells. Water
samples from the multilevel monitor wells were col-
lected using a peristaltic pump with polypropylene tub-
ing. These wells were pumped about 1 min prior to
collecting the field measurements and water-quality
samples.

14 Geohydrology and Water Quality of the North Platte Alluvial Aquifer, Garden County, Western Nebraska, 1993-94



6
8
O
< 10
w
[an
)
w
)]
Z
5 12
&
-
T}
o
‘_
L
L
(T
e
)
% 10
-
[am
IE 12
<
=
14
16
18
20
22

Figure 6. Water levels preceding, during, and following constant-discharge aquifer tests, April 1994, in the
study area, westem Nebraska.
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All unfiltered samples were collected directly
into polyethylene jars. Samples requiring filtration,
excluding those for triazine herbicide analysis, were
collected in a 9-liter polypropylene churn splitter and
pumped through a 0.45-micron membrane filter using a
peristaltic pump with polypropylene tubing. Samples
for triazine and acetamide herbicide analysis were col-
lected in a 1-liter baked-glass jar, pumped through the
peristaltic pump and a 1.0-micrometer glass-fiber filter
into a 125-milliliter (mL) baked-glass jar, and immedi-
ately chilled to 4 °C (degrees Celsius).

Samples for major metal analysis were filtered
and immediately adjusted to a pH of 2 or less using
1.0 mL of nitric acid and stored at ambient tempera-
ture. Samples for major anion analysis did not require
filtration and were stored at ambient temperature. Sam-
ples for nutrient analysis were preserved immediately
with 0.5 mL mercuric chloride and hydrochloric acid,
and then chilled to 4 °C.

Water samples generally were collected in a 2- to
3-day period and shipped to the USGS National Water-
Quality Laboratory (NWQL) in Arvada, Colorado. Tri-
azine herbicide samples collected in 1993 were
screened at the USGS Nebraska District laboratory
using an immunoassay technique. Triazine and aceta-
mide herbicide samples collected in 1994 all were sent
to the NWQL.

Measurements for specific conductance, pH, air
and water temperature, barometric pressure, and dis-
solved oxygen were made onsite. However, occasional
equipment failures, especially during the winter
months, prevented collection of all field measurements
for all sample periods (table 9, Supplemental Data sec-
tion). Samples were analyzed for major cations and
anions, nitrate plus nitrite and other nutrients, and
selected triazine and acetamide herbicides using stan-
dard methods at the NWQL (Fishman and Friedman,
1989). Nitrite (NO5") is unstable in aerated water
(Hem, 1985) and usually is oxidized to nitrate in aero-
bic conditions; therefore, because nitrite is seldom
detected, all analyses for nitrate plus nitrite were
reported as N.

A triazine herbicide immunoassay kit was used
to screen an aliquot of each water sample collected dur-
ing 1993 for triazine herbicides (Thurman and others,
1990). Samples containing 0.1 microgram per liter
(ug/L) or more of triazine herbicides, and 10 percent of
the samples with nondetections, were sent to the
NWQL for analysis using gas chromatography/mass
spectrometry (GC/MS). GC/MS was used to analyze

all water samples collected in 1994 for triazine and ace-
tamide herbicides.

Nonparametric statistical analysis of the data
was performed to compare subsets of water-quality
data. In nonparametric tests, inference is not made on
the parameter of the original data, but on the parameter
of the new scale of measurement (Dowdy and
Wearden, 1991). For these tests the new scale was the
“ranking” of the data.

For nonparametric testing, data were grouped
into appropriate subgroups and “censored data” (values
that are below the reporting limit of the analytical pro-
cedure) were assigned a value equal to one-half the
reporting limit. Because the tests performed are non-
parametric and are performed on ranked values, fabri-
cation of the censored data does not affect the test
results (Helsel and Hirsch, 1992).

The Wilcoxon rank-sum test (Helsel and Hirsch,
1992) was used to evaluate the data. The Wilcoxon
rank-sum test compares populations who-e data are
independent of each other, such as data collected from
monitor wells screened at the bottom of the aquifer
compared with data collected at the top cf the aquifer.
All statistical analyses used a confidence level of
95 percent (o = 0.05). A confidence leve! is the proba-
bility that the test statistic generated for that test accu-
rately defines the populations being tested. The p-value
associated with this particular test is the probability of
getting a test statistic equal to, or more extreme than,
the value computed from the data when the null
hypothesis (differences in the medians of the popula-
tions is zero) is true. If the p-value is less than or equal
to 0.05, the null hypothesis is rejected and there is a sig-
nificant difference between the medians of the two pop-
ulations. If the p-value is greater than 0.C 5, the null
hypothesis is accepted and a significant c'ifference
between the medians of the two populations cannot be
concluded.

Quality Assurance and Quality Control

Quality-assurance (QA) and qualit:’-control
(QC) procedures described by Kolpin and Burkart
(1991) were employed during all sampling periods.
These procedures involved randomly choosing a mon-
itor well from which a replicate sample was collected,
and running an equipment blank using deionized water.
About 7 percent of the samples collected were for
QA/QC analyses and procedures. The values for all
replicate analyses for nitrates and other constituents
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Table 11. Results of ground-water quality analyses for nutrients, Garden County, western Nebraske .
1993-94

[All values are in milligrams per liter; USGS, U.S. Geological Survey: --, no analysis]

Field
USGS site identifi- Nitrate Phosphorus
identification cation Well location Date  Time plus nitrite as POy
412648102274001  NPGCO1 17N 45WI3BCCD1  05-11-93 0940 7.2 0.09
412648102274001  NPGCO1 17N 45WI13BCCD1  06-23-93 1305 8.5 .09
412648102274001  NPGCO1 17N 45WI13BCCD1  08-17-93 1530 8.2 -
412648102274001  NPGCO1 17N 45WI13BCCD1  10-05-93 1610 8.5 -
412648102274001  NPGCO1 17N 45W13BCCD1  11-30-93 1345 8.7 -
412648102274001  NPGCO1 17N 45WI3BCCD1  02-02-94 1345 8.5 -
412648102274001  NPGCO1 17N 45WI13BCCD1  05-04-94 1200 7.9 -
412648102274001  NPGCO1 17N 45WI13BCCD1  08-02-94 1400 8.1 09
412648102274001  NPGCO1 17N 45WI13BCCD1  09-01-94 1735 8.5 -
412553102250701  NPGCO2 17N 44W20BDDC1  05-11-93 0855 15 18
412553102250701  NPGC02 17N 44W20BDDC1  06-23-93 1225 16 .06
412553102250701  NPGCO2 17N 44W20BDDC1  08-17-93 1500 21 -
412553102250701  NPGCO2 17N 44W20BDDC1  10-05-93 1545 18 --
412553102250701  NPGC02 17N 44W20BDDC1 ~ 11-30-93 1305 18 -
412553102250701  NPGC02 17N 44W20BDDC1  05-04-94 1245 19 -
412553102250701  NPGC02 17N 44W20BDDC1  08-02-94 1145 23 09
412553102250701  NPGCO2 17N 44W20BDDC1  09-01-94 1610 18 -
412500102240301  NPGCO03 17N 44W28CBAAl  05-11-93 0805 6.6 12
412500102240301  NPGC03 17N 44W28CBAAl  06-23-93 1140 6.8 06
412500102240301  NPGC03 17N 44W28CBAAl  08-17-93 1425 8.0 -
412500102240301  NPGCO03 17N 44W28CBAAL  10-05-93 1510 53 -
412500102240301  NPGCO03 17N 44W28CBAA1  11-30-93 1415 15 -
412500102240301  NPGCO03 17N 44W28CBAAl  05-04-94 1415 75 -
412500102240301  NPGCO03 17N 44W28CBAA1  08-02-94 1035 34 21
412500102240301  NPGCO03 17N 44W28CBAAl  09-01-94 1505 24 -
412435102223301  NPGCO4D 17N 44W27DCCC1  05-10-93 1925 16 .06
412435102223301  NPGCO4D 17N 44W27DCCC1  06-23-93 0900 17 09
412435102223301  NPGCO4D 17N 44W27DCCC1  08-17-93 1335 18 -
412435102223301  NPGCO4D 17N 44W27DCCC1  10-05-93 1435 18 -
412435102223301  NPGCO04D 17N 44W27DCCC1  12-01-93 0827 20 -
412435102223301  NPGCO4D 17N 44W27DCCC1  02-02-94 1110 19 -
412435102223301  NPGCO04D 17N 44W27DCCC1  05-04-94 0920 18 -
412435102223301  NPGCO4D 17N 44W27DCCC1  08-02-94 0945 20 09
412435102223301  NPGCO4D 17N 44W27DCCC1  09-01-94 1410 21 -
412435102223302  NPGC04S 17N 44W27DCCC2  05-10-93 1940 12 12
412435102223302  NPGC04S 17N 44W27DCCC2  06-23-93 0920 13 06
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Table 11. Results of ground-water quality analyses for nutrients, Garden County, western Nebraska,

1993-94--Continued

Field
USGS site identifi- Nitrate Phosphorus
identification cation Well location Date Time plus nitrite as PO,
412435102223302  NPGCO04S 17N 44W27DCCC2  08-17-93 1350 14 -
412435102223302  NPGCO04S 17N 44W27DCCC2  10-05-93 1450 14 -
412435102223302  NPGCO04S 17N 44W27DCCC2  12-01-93 0844 14 -
412435102223302  NPGC04S 17N 44W27DCCC2  02-02-94 1130 15 -
412435102223302  NPGC04S 17N 44W27DCCC2  05-04-94 0940 18 -
412435102223302  NPGCO4S 17N 44W27DCCC2  08-02-94 1000 18 0.09
412435102223302  NPGCO04S 17N 44W27DCCC2  09-01-94 1425 18 -
412605102211001  LCGCO5 17N 44W23ACAA1  05-10-93 1710 5.1 .09
412605102211001  LCGCO5 17N 44W23ACAAL  06-2293 1555 6.5 .06
412605102211001  LCGCO5 17N 44W23ACAAl  08-17-93 1050 5.1 -
412605102211001  LCGCO5 17N 44W23ACAALl  10-05-93 1245 11 -
412605102211001  LCGCO5 17N 44W23ACAAL  11-30-93 1135 9.8 -
412605102211001  LCGCO05 17N 44W23ACAA1  02-01-94 1240 8.1 -
412605102211001  LCGCO5 17N 44W23ACAAl  05-03-94 1355 5.3 -
412605102211001  LCGCO5 17N 44W23ACAALl  08-02-94 0733 2.4 .09
412605102211001  LCGCO5 17N 44W23ACAAL  09-01-94 1145 2.1 -
412526102212301  LCGCO06 17N 44W26ABBB1  05-10-93 1750 1.6 .09
412526102212301  LCGC06 17N 44W26ABBB1  06-23-93 1035 1.7 12
412526102212301  LCGC06 17N 44W26ABBB1  08-17-93 1130 1.6 -
412526102212301  LCGC06 17N 44W26ABBB1  10-05-93 1320 23 -
412526102212301  LCGC06 17N 44W26ABBB1  11-30-93 1225 1.7 -
412526102212301  LCGC06 17N 44W26ABBB1  02-02-94 1305 1.8 -
412526102212301  LCGC06 17N 44W26ABBB1  05-03-94 1500 1.5 -
412526102212301  LCGCO06 17N 44W26ABBB1  08-02-94 0820 1.8 .09
412526102212301  LCGCO06 17N 44W26ABBB1  09-01-94 1235 1.8 -
412434102214201  NPGCO7D 17N 44W35BBAA1  05-10-93 1840 2.8 .06
412434102214201  NPGCO7D 17N 44W35BBAAl  06-23-93 0755 29 .06
412434102214201  NPGCO7D 17N 44W35BBAAl  08-17-93 1245 2.8 -
412434102214201  NPGCO7D 17N 44W35BBAAl  10-05-93 1400 2.8 -
412434102214201  NPGCO7D 17N 44W35BBAAl1  12-01-93 0735 3.0 -
412434102214201  NPGCO7D 17N 44W35BBAAl  02-02-94 1025 29 -
412434102214201  NPGCO7D 17N 44W35BBAAl  05-03-94 1550 2.7 -
412434102214201  NPGCO7D 17N 44W35BBAAl  08-02-94 0900 34 .09
412434102214201  NPGCO7D 17N 44W35BBAA1  09-01-94 1315 3.5 -
412434102214202  NPGCO07S 17N 44W35BBAA2  05-10-93 1850 5.6 09
412434102214202  NPGCO7S 17N 44W35BBAA2  06-23-93 0820 58 .09
412434102214202 NPGCO7S 17N 44W35BBAA2  08-17-93 1305 4.6 -
412434102214202  NPGCO7S 17N 44W35BBAA2  10-05-93 1415 4.3 -
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Table 11. Results of ground-water quality analyses for nutrients, Garden County, western Nebraska,
1993-94--Continued

Field
USGS site identifi- Nitrate Phosphorus
identification cation Well location Date  Time plus nitrite as PO,
412434102214202  NPGCO7S 17N 44W35BBAA2  12-01-93 0755 5.5 -
412434102214202  NPGCO7S 17N 44W35BBAA2  02-02-94 1040 5.9 -
412434102214202  NPGCO7S 17N 44W35BBAA2  05-03-94 1615 5.5 -
412434102214202  NPGCO7S 17N 44W35BBAA2  08-02-94 0915 7.8 0.09
412434102214202  NPGCO7S 17N 44W35BBAA2  09-01-94 1335 7.7 -
412424102201801  NPGCO8 17N 44W36BADD1  05-10-93 1610 2.0 .09
412424102201801  NPGCO8 17N 44W36BADD1  06-22-93 1640 25 12
412424102201801  NPGCO8 17N 44W36BADD1  08-17-93 1205 34 -
412424102201801  NPGCO08 17N 44W36BADD1  10-05-93 1215 2.2 -
412424102201801  NPGCO8 17N 44W36BADD1  11-30-93 0925 25 -
412424102201801  NPGCO8 17N 44W36BADD1  02-01-94 1020 2.1 -
412424102201801  NPGCO8 17N 44W36BADD1  05-03-94 1040 2.0 -
412424102201801  NPGCO08 17N 44W36BADD1  08-01-94 1615 2.7 15
412424102201801  NPGCO08 17N 44W36BADD1  09-01-94 1055 2.8 -
412416102182301  NPGC09D 17N 43W31BDAD!  05-10-93 1510 2.9 .09
412416102182301  NPGCO9D 17N 43W31BDAD1  06-22-93 1330 34 .09
412416102182301  NPGCO9D 17N 43W31BDAD1  08-17-93 0955 25 -
412416102182301  NPGCO9D 17N 43W31BDAD1  10-05-93 1125 5.3 -
412416102182301  NPGCO9D 17N 43W31BDAD1  02-01-94 1140 25 -
412416102182301  NPGCO9D 17N 43W31BDAD1  05-03-94 1130 2.2 -
412416102182301  NPGCO9D 17N 43W31BDAD1  08-01-94 1515 3.2 .06
412416102182301  NPGC09D 17N 43W31BDAD1  09-01-94 1000 2.8 -
412416102182302  NPGC09S 17N 43W31BDAD2  05-10-93 1525 23 .09
412416102182302  NPGC09S 17N 43W31BDAD2  06-22-93 1405 2.8 .09
412416102182302  NPGC09S 17N 43W31BDAD2  08-17-93 1015 3.0 -
412416102182302  NPGC09S 17N 43W31BDAD2  10-05-93 1140 3.0 -
412416102182302  NPGC09S 17N 43W31BDAD2  11-30-93 1040 24 -
412416102182302  NPGC09S 17N 43W31BDAD2  02-01-94 1155 24 -
412416102182302  NPGC09S 17N 43W31BDAD2  05-03-94 1200 2.1 -
412416102182302  NPGC09S 17N 43W31BDAD2  08-01-94 1540 2.8 09
412416102182302  NPGC09S 17N 43W31BDAD2  09-01-94 1015 3.1 -
412345102182301  NPGC10 17N 43W32CCCAl  05-10-93 1420 29 37
412345102182301  NPGC10 17N 43W32CCCAL  06-22-93 1100 29 31
412345102182301  NPGCI10 17N 43W32CCCA1  08-17-93 0915 27 -
412345102182301  NPGC10 17N 43W32CCCAl  10-05-93 1045 26 -
412345102182301  NPGC10 17N 43W32CCCAl  11-30-93 1505 28 -
412345102182301  NPGC10 17N 43W32CCCAl  02-01-94 0940 30 -

412345102182301 NPGC10 17N 43W32CCCALl 05-03-94 0940 - --
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Table 11. Results of ground-water quality analyses for nutrients, Garden County, western Nebraska,
1993-94--Continued

Field
USGS site identifi- Nitrate Phosphorus
identification cation Well location Date  Time plus nitrite as PO,
412345102182301  NPGC10 17N 43W32CCCA1  08-01-94 1425 31 0.21
412345102182301  NPGCI10 17N 43W32CCCA1  09-01-94 0910 31 -
412137102130101  NPGC11 16N 43W14ACCB1  05-10-93 1225 7.6 15
412137102130101  NPGCl1 16N 43W14ACCB1  06-22-93 0920 8.5 15
412137102130101  NPGCl1 16N 43W14ACCB1  08-17-93 0820 9.2 -
412137102130101  NPGC11 16N 43W14ACCB1  10-05-93 0955 8.6 -
412137102130101  NPGCl1 16N 43W14ACCB1  11-30-93 0750 8.9 -
412137102130101  NPGC11 16N 43W14ACCB1  02-01-94 0855 8.8 -
412137102130101  NPGCl1 16N 43W14ACCB1  05-03-94 0830 8.2 -
412137102130101 ~ NPGC11 16N 43W14ACCBI  08-01-94 1320 9.2 .09
412137102130101  NPGC11 16N 43W14ACCB1  09-01-94 0830 8.9 -
412500102241801  OSHMLI1-1 17N 44W29DAAAl  04-21-93 1400 L6 21
412500102241801  OSHMLI-1 17N 44W29DAAA1  06-24-93 1125 1.8 28
412500102241801 OSHMLI1-1 17N 44W29DAAA1  08-18-93 0810 2.8 -
412500102241801  OSHMLI1-1 17N 44W29DAAA1  10-06-93 0840 19 -
412500102241801  OSHMLI-1 17N 44W29DAAA1  11-29-93 1435 L7 -
412500102241801  OSHMLI1-1 17N 44W29DAAAl  02-01-94 1050 2.0 -
412500102241801  OSHMLI1-1 17N 44W29DAAA]1  05-02-94 1050 19 -
412500102241801  OSHMLI1-1 17N 44W29DAAAL  08-02-94 1111 24 31
412500102241801  OSHMLI1-1 17N 44W29DAAA1  09-01-94 1550 2.1 -
412500102241802 OSHMLI-2 17N 44W29DAAA2  04-21-93 1400 22 15
412500102241802 OSHML1-2 17N 44W29DAAA2  06-24-93 1120 2.5 .09
412500102241802 OSHMLI1-2 17N 44W29DAAA2  02-01-94 1045 2.7 -
412500102241802 OSHML1-2 17N 44W29DAAA2  08-02-94 1113 2.8 15
412500102241803  OSHMLI1-3 17N 44W29DAAA3  04-21-93 1400 2.6 12
412500102241803  OSHML1-3 17N 44W29DAAA3  06-24-93 1115 25 15
412500102241803 OSHMLI1-3 17N 44W29DAAA3  02-01-94 1040 2.8 -
412500102241803  OSHMLI1-3 17N 44W29DAAA3  08-02-94 1109 2.6 12
412500102241804 OSHMLI1-4 17N 44W29DAAA4  04-21-93 1400 2.7 12
412500102241804 OSHMLI1-4 17N 44W29DAAA4  06-24-93 1110 25 .09
412500102241804 OSHMLI1-4 17N 44W29DAAA4  02-01-94 1035 2.7 -
412500102241804 OSHMLI1-4 17N 44W29DAAA4  08-02-94 1108 2.8 12
412500102241805 OSHMLI1-5 17N 44W29DAAAS5  04-21-93 1400 32 .09
412500102241805 OSHML1-5 17N 44W29DAAAS  06-24-93 1105 2.8 12
412500102241805 OSHMLI1-5 17N 44W29DAAA5  08-18-93 0810 19 -
412500102241805 OSHMLI1-5 17N 44W29DAAA5  10-06-93 0835 3.1 -
412500102241805 OSHMLI1-5 17N 44W29DAAAS5  11-29-93 1425 29 -
412500102241805 OSHMLI-5 17N 44W29DAAA5  02-01-94 1030 33 -
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Table 11. Results of ground-water quality analyses for nutrients, Garden County, western Nebraska,
1993-94--Continued

Field
USGS site identifi- Nitrate Phosphorus
identification cation Well location Date Time plus nitrite as POy
412500102241805 OSHMLI-5 17N 44W29DAAA5  05-02-94 1045 2.1 -
412500102241805 OSHMLI1-5 17N 44W29DAAA5  08-02-94 1107 34 0.09
412500102241805 OSHML1-5 17N 44W29DAAA5  09-01-94 1535 32 -
412500102241806 OSHML1-6 17N 44W29DAAA6  04-21-93 1400 2.9 .09
412500102241806 OSHML1-6 17N 44W29DAAA6  06-24-93 1100 3.4 .09
412500102241806 OSHMLI1-6 17N 44W29DAAAG6  02-01-94 1025 3.2 -
412500102241806 OSHML1-6 17N 44W29DAAA6  08-02-94 1106 34 .09
412500102241807 OSHMLI-7 17N 44W29DAAA7  04-21-93 1400 29 .09
412500102241807 OSHML1-7 17N 44W29DAAA7  06-24-93 1055 3.0 .09
412500102241807 OSHMLI-7 17N 44W29DAAA7  02-01-94 1020 2.6 -
412500102241807 OSHML1-7 17N 44W29DAAA7  08-02-94 1104 3.1 .09
412500102241808 OSHMLI-8 17N 44W29DAAA8  04-21-93 1400 29 .09
412500102241808 OSHMLI-8 17N 44W29DAAA8  06-24-93 1050 3.1 .09
412500102241808 OSHMLI-8 17N 44W29DAAA8  08-18-93 0800 3.2 -
412500102241808 OSHMLI-8 17N 44W29DAAAS  10-06-93 0830 2.6 -
412500102241808 OSHMLI1-8 17N 44W29DAAA8  11-29-93 1405 3.0 -
412500102241808  OSHML1-8 17N 44W29DAAA8  02-01-94 1015 2.7 -
412500102241808 OSHMLI-8 17N 44W29DAAA8  05-02-94 1040 2.7 -
412500102241808 OSHMLI1-8 17N 44W29DAAA8  08-02-94 1102 2.9 09
412500102241808 OSHML1-8 17N 44W29DAAA8  09-01-94 1530 24 -
412526102252701  OSHML2-1 17N 44W19DDDD1  04-21-93 0800 27 15
412526102252701 OSHML2-1 17N 44W19DDDDI  06-24-93 1025 32 15
412526102252701 OSHML2-1 17N 44W19DDDDI  08-13-93 0845 16 -
412526102252701  OSHML2-1 17N 44WI9DDDDI  10-06-93 0945 32 -
412526102252701  OSHML2-1 17N 44W19DDDD1  11-29-93 1525 29 -
412526102252701  OSHML2-1 17N 44W19DDDDI  02-01-94 1000 35 -
412526102252701 OSHML2-1 17N 44WI9DDDDI  05-02-94 1030 31 -
412526102252701  OSHML2-1  17TN44WI19DDDDI  08-02-94 1228 30 15
412526102252701 OSHML2-1 17N 44WI9DDDD1  09-01-94 1645 29 --
412526102252702 OSHML2-2 17N 44W19DDDD2  04-21-93 0800 37 12
412526102252702 OSHML2-2 17N 44W19DDDD2  06-24-93 1020 29 15
412526102252702 OSHML2-2 17N 44W19DDDD2  02-01-94 0955 35 -
412526102252702 OSHML2-2 17N 44W19DDDD2  08-02-94 1227 30 15
412526102252703 OSHML2-3 17N 44W19DDDD3  04-21-93 0800 30 21
412526102252703 OSHML2-3 17N 44WI19DDDD3  06-24-93 1015 37 18
412526102252703 OSHML2-3 17N 44WI9DDDD3  02-01-94 0950 31 -
412526102252703 OSHML2-3 17N 44W19DDDD3  08-02-94 1225 28 21
412526102252704 OSHML2-4 17N 44W19DDDD4  04-21-93 0800 33 21
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Table 11. Results of ground-water quality analyses for nutrients, Garden County, western Nebraska,
1993-94--Continued

Field
USGS site identifi- Nitrate Phosphorus
identification cation Well location Date Time plus nitrite as PO,
412526102252704 OSHML2-4 17N 44W19DDDD4  06-24-93 1010 33 0.18
412526102252704 OSHML2-4 17N 44W19DDDD4  02-01-94 0945 26 -
412526102252704 OSHML2-4 17N 44W19DDDD4  08-02-94 1223 27 21
412526102252705 OSHML2-5 17N 44W19DDDD5  04-21-93 0800 31 21
412526102252705 OSHML2-5 17N 44WI9DDDD5  06-24-93 1005 36 18
412526102252705 OSHML2-5 17N 44W19DDDD5  08-18-93 0840 30 -
412526102252705 OSHML2-5 17N 44W19DDDD5  10-06-93 0935 28 -
412526102252705 OSHML2-5 17N 44W19DDDD5  11-29-93 1515 26 -
412526102252705 OSHML2-5 17N 44WI19DDDD5  02-01-94 0940 23 -
412526102252705 OSHML2-5 17N 44W19DDDD5  05-02-94 1000 23 -
412526102252705 OSHML2-5 17N 44WI19DDDD5  08-02-94 1221 22 21
412526102252705 OSHML2-5 17N 44W19DDDD5  (09-01-94 1635 24 -
412526102252706 ~ OSHML2-6 17N 44W19DDDD6  04-21-93 0800 22 21
412526102252706  OSHML2-6 17N 44W19DDDD6  06-24-93 1000 20 25
412526102252706  OSHML2-6 17N 44W19DDDD6  02-01-94 0935 20 -
412526102252706 OSHML2-6 17N 44W19DDDD6  08-02-94 1219 18 18
412526102252707 OSHML2-7 17N 44W19DDDD7  04-21-93 0800 22 15
412526102252707 OSHML2-7 17N 44W19DDDD7  06-24-93 0955 22 12
412526102252707 OSHML2-7 17N 44W19DDDD7  02-01-94 0930 17 -
412526102252707 OSHML2-7 17N 44W19DDDD7  08-02-94 1217 18 18
412526102252708  OSHML2-8 17N 44W19DDDD8  04-21-93 0800 16 .09
412526102252708  OSHML2-8 17N 44W19DDDD8  06-24-93 0950 16 .06
412526102252708 OSHML2-8 17N 44W19DDDD8  08-18-93 0840 16 -
412526102252708 OSHML2-8 17N 44W19DDDD8  10-06-93 0930 16 -
412526102252708  OSHML2-8 17N 44W19DDDD8  11-29-93 1505 17 -
412526102252708 OSHML2-8 17N 44W19DDDD8  02-01-94 0925 16 -
412526102252708  OSHML2-8 17N 44W19DDDD8  05-02-94 0955 15 -
412526102252708  OSHML2-8 17N 44W19DDDD8  08-02-94 1215 13 09
412526102252708  OSHML2-8 17N 44W19DDDD8  09-01-94 1625 14 -
412549102255401  OSHML3-1 17N 44WI9DBBAI  06-24-93 0915 43 18
412549102255401 OSHML3-1 17N 44W19DBBAl  08-18-93 0910 41 -
412549102255401 OSHML3-1 17N 44W19DBBA1  10-06-93 1020 50 -
412549102255401  OSHML3-1 17N 44W19DBBA1  11-29-93 1600 52 -
412549102255401  OSHML3-1 17N 44W19DBBA1  02-01-94 0910 50 -
412549102255401 OSHML3-1 17N 44W19DBBAl1  05-02-94 0935 51 -
412549102255401  OSHML3-1 17N 44WI19DBBA1  08-02-94 1302 45 21
412549102255402  OSHML3-2 17N 44WISDBBA2  04-21-93 1000 41 15
412549102255402 OSHML3-2 17N 44W19DBBA2  06-24-93 0905 50 12
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Table 11. Results of ground-water quality analyses for nutrients, Garden County, western Nebraska,
1993-94--Continued

Field
USGS site identifi- Nitrate Phosphorus
identification cation Well location Date  Time plus nitrite as PO,
412549102255402  OSHML3-2 17N 44WI9DBBA2  02-01-94 0905 51 -
412549102255402  OSHML3-2 17N 44W19DBBA2  08-02-94 1304 50 0.15
412549102255402  OSHML3-2 17N 44WI19DBBA2  09-01-94 1715 51 --
412549102255403 OSHML3-3 17N 44WI19DBBA3  04-21-93 1000 44 15
412549102255403  OSHML3-3 17N 44WI19DBBA3  06-24-93 0900 46 12
412549102255403  OSHML3-3 17N 44WI19DBBA3  02-01-94 0900 53 -
412549102255403 OSHML3-3 17N 44W19DBBA3  08-02-94 1300 54 15
412549102255404 OSHML3-4 17N 44WI19DBBA4  04-21-93 1000 38 12
412549102255404 OSHML3-4 17N 44WI9DBBA4  06-24-93 0855 40 .09
412549102255404 OSHML3-4 17N 44W19DBBA4  02-01-94 0855 50 -
412549102255404  OSHML3-4 17N 44W19DBBA4  08-02-94 1258 52 12
412549102255405  OSHML3-5 17N 44W19DBBA5  04-21-93 1000 37 A2
412549102255405 OSHML3-5 17N 44WI9DBBAS  06-24-93 0845 35 .09
412549102255405 OSHML3-5 17N 44WI9DBBAS  08-18-93 0905 43 -
412549102255405 OSHML3-5 17N 44WI9DBBAS  10-06-93 1015 40 -
412549102255405 OSHML3-5 17N 44WI9DBBAS  11-2993 1555 43 -
412549102255405 OSHML3-5 17N 44W19DBBAS  02-01-94 0850 45 -
412549102255405 OSHML3-5 17N 44WI19DBBAS5  05-02-94 0930 30 -
412549102255405 OSHML3-5 17N 44WI9DBBAS  08-02-94 1256 55 12
412549102255405 OSHML3-5 17N 44WI9DBBAS  09-01-94 1705 56 -
412549102255406 OSHML3-6 17N 44WI19DBBA6  04-21-93 1000 26 09
412549102255406 OSHML3-6 17N 44W19DBBA6  06-24-93 0840 22 .06
412549102255406  OSHML3-6 17N 44W19DBBA6  02-01-94 0845 23 -
412549102255406 OSHML3-6 17N 44WI19DBBA6  08-02-94 1254 31 09
412549102255407 OSHML3-7 17N 44W19DBBA7  04-21-93 1000 31 .09
412549102255407 OSHML3-7 17N 44WI19DBBA7  06-24-93 0835 25 06
412549102255407 OSHML3-7 17N 44WI19DBBA7  02-01-94 0840 29 -
412549102255407 OSHML3-7 17N 44W19DBBA7  08-02-94 1252 26 .09
412549102255408 OSHML3-8 17N 44WI19DBBA8  04-21-93 1000 26 .06
412549102255408 OSHML3-8 17N 44WI9DBBAS  06-24-93 0830 22 .03
412549102255408  OSHML3-8 17N 44W19DBBA8  08-18-93 0905 24 -
412549102255408 OSHML3-8 17N 44W19DBBAS8 10-06-93 1005 29 --
412549102255408  OSHML3-8 17N 44WI19DBBA8  11-29-93 1545 26 -
412549102255408 OSHML3-8 17N 44W19DBBAS  02-01-94 0835 23 -
412549102255408 OSHML3-8 17N 44WI19DBBA8  05-02-94 0925 18 -
412549102255408 OSHML3-8 17N 44WI9DBBA8  08-02-94 1250 41 .06
412549102255408 OSHML3-8 17N 44W19DBBA8  09-01-94 1655 47 -
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Table 13. Lithologic log for monitor well NPGCO1

Depth
(feet) Lithology
0-5 sand, fine to medium, mostly quartz
5-10 sand, fine to medium, some coarse, poorly sorted, very well rounded
10-15 sand. medium to coarse, mostly quartz, rounded to subrounded grains
15-23 sand, coarse to very coarse, subangular grains, 70 percent quartz
23-27 sand, fine to very coarse, some clay. slight fine gravel
27-30 sand, very coarse, 85 percent quartz, rounded grains. some clay
30-35 gravel, fine gravel to very coarse sand and gravel, 85 percent quartz, subangular

35-36 clay lenses
36-38 gravel. fine gravel to very coarse sand and gravel, 85 percent quartz

38 Brule Formation
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Table 14. Lithologic log for monitor well NPGCO02

Depth
(feet) Lithology
0-5 sand, very fine to fine, well sorted
5-8 sand, very fine to fine, some medium sand, slight clay amount
8-10 clay
10-15 sand, medium to coarse, some clay
15-25 sand, coarse to very coarse, well sorted, rounded grains, 90 percent quartz
25-30 same as above—some very coarse gravel, limonite grains
30-35 same as above—more very coarse gravel
35-40 sand, coarse to very coarse, bottom—?20 percent feldspar - 80 percent quartz, very coarse sand to coa-se sand
and gravel, some pebbles
40-45 sand, medium with some fine, 90 percent quartz. well sorted, rounded grains, 80 percent medium san
45-50 gravel, medium to coarse sand, 60 percent quartz, feldspar, well sorted
50-55 sand, very coarse, well sorted, 70 percent quartz, 30 percent feldspar
55-65 sand and gravel, coarse sand to fine gravel, some coarse gravel, subangular to subrounded grains
65-70 sand, very coarse and fine gravel, well sorted, 60 percent quartz, 35 percent feldspar
70-75 sand, coarse, very well sorted, some very coarse sand
75-80 same as above—some Brule Formation pebbles, more very coarse sand
80-90 sand, medium to coarse, very well sorted. 90 percent quartz, subrounded grains
90-95 same as above—some fine sand
95-100 sand, fine to medium, very well sorted, 85 percent quartz, 10 percent feldspar, 5 percent amphibole
100-105 sand, coarse to very coarse, well sorted, subrounded grains
105-110 sand, coarse to very coarse, with Brule Formation clasts
110-115 sand, medium to coarse
115-120 same as above—more very coarse sand, moderate sorting and Brule Formation clasts, very coarse sa~d near
bottom
120-125 sand, medium to coarse, well sorted
125-130 same as above—some fine sand
130-135 sand, coarse to very coarse, well sorted, 85 percent quartz, subangular grains
135-145 same as above—more Brule Formation clasts
145-150 same as above—fine gravel to medium gravel, rounded to angular grains
150-155 gravel, coarse, 70 percent feldspar, Brule Formation clasts, subangular grains
155-160 same as above—some Brule Formation pebbles
160-165 very coarse sand to medium gravel, 75 percent feldspar, subangular grains
165-170 same as above—more coarse gravel
170-175 very coarse gravel to fine cobbles, subrounded grains, 60 percent quartz
175-180 same as above—Brule Formation at bottom
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Table 15. Lithologic log for monitor well NPGC03

Depth
(feet) Lithology
0-8 sand, very fine to fine, well sorted
8-10 gravel, medium, 65 percent feldspar, 20 percent mafic, 10 percent quartz, some coarse sand and very coarse sand,
poorly sorted
10-20 sand, very coarse and fine gravel, mostly feldspar and mafic as above, intermixed, poorly sorted with small peb-
bles (feldspar and siltstone)
20-40 sand, fine to very coarse, 65 percent quartz, some fine gravel
40-45 gravel, fine to coarse with very coarse sand, poorly sorted, 60 percent feldspar, 30 percent quartz, small pebbles
45-55 same as above—with Brule Formation clasts
55-60 gravel, very coarse, siltstone clasts, 65 percent feldspar, 30 percent quartz,poorly sorted, rounded to subrounded
60-65 sand, medium to very coarse, some pebbles, moderate sorting
65-75 same as above—siltstone clasts
75-80 gravel, fine with coarse and very coarse sand, 70 percent quartz, moderately well sorted
80-85 sand. coarse to very coarse, coarse gravel at bottom, well sorted, rounded grains
85-90 gravel, very coarse to small pebbles, 60 percent feldspar, rounded grains
90-95 same as above—some coarse sand
95-100 same as above—more pebbles and siltstone
100-110 sand, very coarse to coarse gravel, some small pebbles. 60 percent quartz, moderate sorting, subrounded to
rounded grains
110-120 same as above—Brule Formation clasts
120-125 gravel, medium to coarse with very coarse sand, rounded to angular grains, moderately well sorted
125-130 gravel, coarse to very coarse with small pebbles, rounded grains, moderately sorted
130-137 same as above—more very coarse sand, siltstone clasts
137-150 Brule Formation

Table 16. Lithologic log for monitor well NPGC04D

Depth
(feet) Lithology
0-5 silty sand
5-8 fine silty sand
8-9.5 clay, light brown
9.5-15 gravel and sand, medium sand to fine gravel, subrounded grains, some very coarse gravel
15-30 same as above—very coarse gravel, subangular grains
30-35 sand. coarse to very coarse, 60 percent quartz
35-40 sand, very coarse, 40 percent quartz, 50 percent feldspar, 10 percent mafic, some fine to medium gravel
40-45 sand, medium to very coarse with some coarse gravel and pebbles, well rounded sand, poorly sorted, sub-
angular pebbles
45-48 same as above—clay clasts
48 Brule Formation
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Table 17. Lithologic log for monitor well LCGCO05

Depth

(feet) Lithology

0-11 sand, very fine, silty, dark
11-20 sand, medium to coarse, 10 percent very coarse, well sorted, obsidian clasts
20-25 sand, fine to medium, 80 percent quartz
25-30 same as above—some silt lenses
30-40 sand and gravel, coarse sand to medium gravel, moderately sorted
40-45 sand, fine to medium, 5 percent very coarse sand, some fine gravel
45-50 sand. fine to very coarse, 10 percent very coarse gravel, rounded
50-55 gravel, fine to medium with fine sand to very coarse sand, pooily sorted
55-60 sand, medium to coarse, angular, less than 5 percent pebbles
60-65 same as above—10 percent very coarse sand, rounded
65-70 gravel, fine with coarse and very coarse sand. 70 percent quartz
70-74 gravel, very coarse with small to medium pebbles and Brule Formation
74-80 Brule Formation

Table 18. Lithologic log for monitor well LCGC06

Depth
(feet) Lithology
0-5 sand, very fine, silty
5-10 same as above—some fine sand, 10 percent
10-15 same as above—silty and clayey at about 15 feet, olive blue
15-20 sand, very fine, dark olive, medium to coarse sand at about 19 feet
20-25 sand, medium to coarse, well sorted
25-30 same as above—S percent very coarse sand
30-33 same as above—10 percent very coarse sand, Brule Formation at about 33 feet
33-40 Brule Formation
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Table 19. Lithologic log for monitor well NPGC07D

Depth
(feet) Lithology
0-9 sand, very fine, silty, loamy, some clay
9-10 gravel, very coarse with very coarse sand
10-15 gravel, fine with clay
15-20 gravel, very coarse with very coarse sand, fine to very coarse gravel, poorly sorted, 60 percent feldspar,
30 percent mafic
20-25 gravel, fine with very coarse sand, some mafic, subangular, moderately sorted
25-45 same as above—some coarse gravel
45-48 sand and gravel, coarse sand to fine gravel, moderately sorted, rounded to subrounded grains
48-50 sand and gravel, very poorly sorted coarse sand to coarse gravel, Brule Formation clasts
50-55 Brule Formation

Table 20. Lithologic log for monitor well NPGC08

Depth
(feet) Lithology
0-15 sand, fine silty
15-20 gravel. medium to coarse, moderately sorted, some very coarse sand, some small pebbles (feldspar),
70 percent quartz
20-27 silt, light yellow brown
27-30 sand and gravel, coarse sand to coarse gravel, poorly sorted, coarse gravel—mafic
30-35 same as above—with small to medium pebbles, subangular
35-40 sand, coarse to very coarse, some gravel and small pebbles. 60 percent quartz, 30 percent feldspar
40-45 gravel, very coarse, 70 percent quartz, subrounded, some coarse sand and fine gravel
45-55 same as above—Brule Formation clasts and silt
55-60 same as above—some medium pebbles
60-70 sand, medium to very coarse with fine gravel and rounded small pebbles, moderately sorted
70-75 sand, medium to very coarse, well sorted, some small to medium pebbles
75-80 same as above—cemented light siltstone, some Brule Formation
80-85 sand. medium to coarse, 80-85 percent quartz, some cemented siltstone and very coarse sand and gravel,
small pebbles, siltstone effervesces
85-86 same as above—more cemented siltstone
86-92 Brule Formation
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Table 21. Lithologic log for monitor well NPGC09D

Depth
(feet) Lithology
0-5 sand, very fine silty, dark brown, some clay
5-10 sand, very fine, firm, silty, less clay
10-15 sand, very fine, silty, darker brown, more clay
15-16 same as above—Ilight brown silt
16-20 sand, very coarse, some very coarse gravel, subangular, moderately sorted. 20 percent mafic, 60 percent
feldspar
20-25 sand, very coarse, some medium gravel and coarse sand, 50 percent feldspar
25-30 gravel, medium with some very coarse sand. 60 percent quartz, subangular, well sorted
30-35 gravel, very coarse to small pebbles, subangular, 20 percent mafic
35-40 sand. very coarse to very coarse gravel, small pebbles, rounded, poorly sorted
40-45 gravel. very coarse, 25 percent small pebbles, well sorted, subangular
45-50 sand, very coarse to very coarse gravel and small pebbles, rounded to subrounded, poorly sorted
50-55 gravel, fine to coarse, 60 percent feldspar, 25 percent mafic, rounded, clay stringers
55-60 same as above—more clay stringers and Brule Formation clasts, some small pebbles
60-75 gravel, fine to medium, well sorted, small pebbles. 70 percent feldspar
75-80 sand, very coarse to medium gravel, 50 percent quartz
80-95 sand, coarse to very coarse, well sorted, some very coarse gravel and small pebbles, less than 2 pecent
95-100 sand, medium to coarse, 10 percent very coarse, some cemented, well sorted
100-105 same as above—some weathered Brule Formation and medium gravel
105-110 same as above—more gravel and Brule Formation, 50 percent gravel
110-115 sand, very coarse with fine to medium gravel, small pebbles
115-120 Brule Formation

Table 22. Lithologic log for monitor well NPGC10

Depth
(feet) Lithology
0-5 sandy loam
5-8 sand, fine
8-14 silt, sandy, some medium sand. less than 5 percent
14-15 very coarse sand and gravel, poorly sorted, some coarse sand, rounded to well rounded
15-20 same as above—moderately sorted, more coarse sand., 50 percent quartz, 30 percent feldspar
20-35 same as above—some clay stringers and small pebbles
35-40 sand, very coarse, well sorted, 50 percent quartz, subrounded
40-45 gravel, fine with very coarse sand, moderately sorted
45-50 same as above—more medium gravel
50-61 gravel, medium to coarse, small pebbles, 60 percent feldspar
61-65 Brule Formation
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Table 23. Lithologic log for monitor well NPGC11

Depth
(feet) Lithology
0-5 sand, very fine with some medium to coarse gravel
5-10 same as above—more clay
10-15 gravel and small to large pebbles, gravel, fine to medium, poorly sorted, subrounded
15-20 gravel, fine to very coarse with silt lenses, 65 percent feldspar, 15 percent mafic, 20 percent quartz
20-30 sand, fine to medium with fine gravel. less than 10 percent, well sorted, rounded. silt lenses
30-35 same as above—more fine to medium gravel
35-40 sand, fine to very coarse with medium gravel. rounded, approximately 40 percent small pebbles
10-50 same as above—some calcareous clasts, silt lenses, red-brown
50-55 gravel, coarse, some fine, small pebbles, angular, moderately well sorted, subrounded
55-60 same as above—more calcareous clasts
60-65 sand, fine to medium with some coarse sand
65-70 gravel, medium to coarse, well rounded and moderately sorted
70-75 same as above—with very coarse sand
75-80 coarse sand to very coarse gravel. poorly sorted, rounded to angular Brule Formation clasts
80-95 sand, coarse to very coarse with coarse gravel, some medium sand

95-100 same as above—small pebbles, angular, feldspar

100-105 sand, medium to coarse, 10 percent very coarse sand, small pebbles

105-110 gravel, medium to fine with some very coarse sand, well sorted

110-115 gravel. fine to medium with 30 percent very coarse sand

115-120 same as above —sorme very coarse gravel

120-125 same as above—more very coarse gravel, angular

125-130 gravel, very coarse, 40 percent very coarse sand and fine gravel, poorly sorted
130-145 same as above—Some Brule Formation clasts
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